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1„0  a U y.  H A H Y 

A Partial  Enclosure  has  bee;-i  constrxicted  for 
noise  coMcrol,  the  poTpose  of  vhlch  is  to  pei’niit  the  test** 
ing  of  Pulse -Jet  engines  wlfnout  iindue  offense  to  the 
neighbor Ing  coniTBunilty  am  with  reasonabjs  comi’crt  for  the 
engineers  and  liiecharhcs  who  take  part  in  the  vestSo  Coinplet© 
deocripi'ion  of  the  cons truction  and  tests  of  the  performance 
of  the  par  ria  l onolos'o.re  is  pressntet 


a-.- 

w-  - ' .■-,  -,>«■  , «V  t 


This  report  desoribes  aocorcplished  on  Iteas 

i»5  of  SXiilbit  A,  Suppieiaentary  Agreement  No*  5 of  Contract 
AF33  C600)-5S60  during  the  month  of  vanuary,  3 95-+» 


This  is  the  fourth  report  io  ts  s-chalttod  deacrib-- 
ing  the  dsve?«.opment  of  Noiso  Control  Measures  for  'F’ulse'-Jet 
engines o The  report  is  suOiBittGd  cy  ?-V-e  /American  Helicopter 
Co«,  lac,,  describing  the  study  progr^;!?}  being  conauctea  by 
Paul  S,  Veneklasen,  Consultant  In  Acoiistlcs, 


I 

I 

'.‘1 


The  v;ork  vas  carried  out  and  is  reported  by 
Paul  S,  Yencklasea,  and  staff  ineir.bers  G,  S’,  Brockett, 
M.  0,  lierwlck. 
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A nolS9  eontroi  snclostirehas  been  constructed, 
the  purpose  o,f  which  Is  to  pertnit  the  tasting  of  Pialso^Jat 
enginor  without  undue  offense  to  the  neighboring  cosiraxinity, 

^..1  OBJECT  TVFS? 

Oertrain  va-iusual  requirements  limit  the  possible 
extensiveness  and  effectiveness  of  the  noise  control 
biiff3.es* 

The  Pulse-Jet  engine  is  highly  dependent 
for  Its  operation  upon  acoustical  resonence  phenomena^ 
therefore-  it  Is  of  ostreme  importance  that  the  Fulse- 
Jet  engine  should  not  be  surrounded  with  a structm'e 
«ihi oh  can  in  any  way  influence  one  performance  of  the 
engine  by  altering  its  acoustical  environment.  It 
would  be  altogether  too  easy  to  set  up  a walled  struoture 
in  whj ch  standing  waves,  i.e, , acoustical  resonant  modes 
acting  between  the  walls,  could  so  alter  the  acoustical 
condition  at  either  the  exhaust  or  intake  that  engine 
operation  would  be  profoundly  influenced.  Serious 
attention  was  given  to  this  factor  in  the  design. 

B*  For  most  of  the  test  work  it  is  essential 
that  one  or  mere  technicians  be  in  the  damediateivicinlty 
of  the  engine  to  make  adjustment  or  facilitate  starting.  • 
To  enci.os©  the  engine  in  a structure  considerably  In- 
creases the  hazard  to  such,  per sonnel,^;.  Therefore j 
essential  that  easy  escape  be  provided  in  the  event  of 
ma.lfuoctioK  or  fire.  It  eeemed  possible  that  proper 
design  of  the  enclosure  could  actually  improve  the 
safety  condition  for  operators c 

C*  Ixi  the  ©vent  of  starting  failure,  flash 
fires  of  controlled  proportions  are  quite  frequent. 

The  structure  srruat  be  designed  so  as  not  to  enclose 
such  ?.  fire,  ■ ■ ~ ' 


D«  It  was  desired  to,  spend  just  as  little 
money  as  possible  on  the  ?tiruct.nre. 

These  conditions  conspire  to  vary  greatly 
limit  the  amount  of  attenuation  which  can  be  provided 
by  the  enclosure,  Heverthelsss,  it  was  believed  that 
t3V©n  the  small  amount  of  attenuation  which  could  be 
expected  would  greatly  alleviate  the  iioighborhood 
rrxlsanc-e  problem  and  would  also  decrease  the 
discomfort  which  has  been  experienced  by  ope.rating 
psrsomieX. 


M 


A plan  dravring  of  the  noise  control  inafallaticn 
is  shown  in  Fig.  3»1  and  an  overall  photograph  of  the 
area  is  shown  in  Pig,  3 <>2.  It  is  clear  that*  the 
facility  is  little  acre  than  a baffle  arrangesient „ 

The  acoustically  treated  panels  are  positioned  around 
the  engixio  stand  in  such  a MD.y  that  (1)  there  are  rr^any 
readily  available ^passages  for  the  escape  of  the  operat- 
ing personnel;  (2)  these  same  passages  permit  easy 
inflow  of  air  from  all  sides  to  the  englnei  (3)  since 
there  is  no  roof^  flash  fires  are  not  entrapped;  (4) 
the  panels  are  so  oriented  with  respect  to  the  test 
stani3  that  the  major  regions  of  high  noise  level  cannot 
he  directly  viewed  through  the  escape  openings.  In 
other  words ^ the  Intent  is  to  provide  maxlTaum  exposure 
of  absorbing  surfaces  to  intense  sound  enei'gy  before 
such  energy  escapes  to  the  outside  of  the  structure; 

C5)  ib  ■Adflltlon  to  the  open  top.  the  other  major  open- 
liig,  which  is  required  for  the  eichaust  of  hot  gases, 
was  made  as  narrow  as  was  considered  practical. 


j The  sound-absorbing  baffles  are  constructed 

t.  : as  shown  in  Fig»  3*3*  ?4e  baffles  are  made  from 

standard  sheets  of  e-’x  5’  plywood,  3/4*  thick.  Frames 
are  of  standard  2*x  4.'.*  stock.  The  acoustical  material 
Is  Owens -Corning  PF-0C9  Fiberglas  board' material,  1”  . 
th'xGk,  aiatorAai  is  iaotenod  to  the  2^jc  l’'  fraius— 

work  in  such  a mariner  that  the  3 5/3*  space  provides 
a cavity  between  the  Fiberglas  board  and  the  plywood. 
This  tyrte  of  struct'ure  provides  a large  amount  of 
sound  absorption  for  frequencies  above  about  250  cps. 

The  Jlberglas  board  is  covered  only  with  a light 
broaie  screen  for  protection  against  scuffing, 

(6)  The  baffles  are  inclined  toward  one  another  to 
carefully  avoid  any  surfaces  wliich  approach  parallelism. 
This  factor  is  shown  in  the  plan  view,  bxxt  it  was  also 
accen'tuated  by  tiitirig  tho  tops  of  the  panels  somewhat 
inward.; 


These  noise  control  panels  -which  aro  the 
essential  part  of  the  noise  control  are 

subjected  to  large  oscillatory  pressxrres  rapresented 
by  the  high  so’and  levels  which  are  produced  by  Pulse- 
Jet  engines.  Under  such  exposure  the  panels  ■undergo 
considerable  vibration,  which  is  readily  tolerated 


and  absorbed  by  a vooden  sfcrvictnre,  Ko  mechanical 
fai3,^l^e  has  been  suffered  by  the  woodvnrl^-  as  a result 
of  this  vlbratioxi.  The  Fiberglas  board  Is  similarly 
exposed  vith  variable  experience j In  regions  where 
flash  fires  havo  occurred  the  Fiberglas  board  has  been 
scorched  to  varying  degrees*  V/her.  this  scorching  occurs, 
the  phenolic  binder  is  gasified , leaving  the  51berglae 
blanket  without  adequate  binder  whereupon  the  glass  wool 
gradually  erodes  away^  In  the  course  of  about  twenty 
hours  of  operation,  which  has  included  sev^eral  flash 
fires,  one  region  of  about  6®  square  has  been  completely 
srodea  away.  Hence,  it  is  apparent  that,  in  the  region 
opposite  and  above  the  tailpipes,  frequent  replacement 
of  the  Fibergias  surface  may  be  required,  depending  upon 
the  starting  experience  which  occurs  during  a given  group 
of  experiments. 

As  far  as  personixel  safety  is  concerned,  it 
has  become  apparent  that,  if  anything,  the  noise  control 
facility  improves  the  assurance  of  operators  in.  the 
immediate  area,  because  the  escape  openings  are  very 
rear  by  and,  once  through  the  opening,  a considerable 
ftic&sura  of  protection  li  furnished  by  the  panels. 


Acoustical 


The  effectivonc'S?  of  the  bafriog  was  evalua^c-d 
in  respect  to  different  objectivest 

^ li.  T'  ^V;  ^ 


The  performance  of  the  baffles  was  | 

evaiu-ated  near  the  location  of  the  nearest  i 

neighbors  to  the-  American  Helicopter  plant,’  ' 

Location  .Ho.  1 was  outside  the  service  entrance 
to  a neighboring  ceramic  plant  at  a distance 
of  105  yards.  In  evaluating  the  importance  of 
any  noise  source,  consideration  should  be  given 
to  the  noise  levels  which  otherwise  prevail-  , 
in  the  ’:xeio^hborhood . Fig,  3.^^  shows  the 
varlouTi  ncise  spectra  which  wore  measured  at 
Locaiiou  Fo.  i.  The  lo-west  spectrum  on  the 
chart  represents  me  sslnimucc  background  noise 
produced  by  more  or  less  steady  distant  sources. 

One  of  the  ■most  typical  of  generally  to.lerAted  | 
dioturbaxicss  in  the  hthb  results  from  the  take-  1 


of'"  of  the  Jet  air 
i s a ppr  ox / ms  t e ly  1 


.l.an.f!';  from  an  airport  which 
1 /?  ?u5 1 e d cant , Tlie 


AiHHiSWlfti 


^r/feff&fe^r  /^4C', 

^x««Att,,1  Tr.'ca.  JitT, ^ 
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H 
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resulting:  spectrum  is  shown  in  F.lg^,  3t-4-,,  r-.is 
figiirc  also  shews  the  nolso  spectrxM  resulting 
Tros  operation  cf  a.  6,75'’  Pulse-Jet  engine 
operating  outside  the  noise  ' ''ih© 

rsdu.ction  in  noise  is  shov/n  when  the  same 
eugitia  is  operated  inside  the  baffles*  The 
n^ldual  noise  level  can  be  compared  with 
tr*u^t  of  tho  jet  a>T plane. 

Residual  noise  should  also  be  cocl- 
pared  with  two  other  crltoria  which  are  shown 
in  Fl.g,  2>'^o  'nclsu  crltoria  chotm  In 

Fig.  3*5  have  been.  co3>pikjd  froK.  conaidovable 
available  material  ani  represent  a suiioaiary  of 
many  autho.ritative  yc--;rces*  It  should  be  noted 
'hat  such  noi&o  oritarin  have  not  in  any  sense 
reached  the  stage  oi'  official  recognition  and 
there  is  considerable  variation  among  authorities* 
It  is  believed  that  those  shown  in  Fig,  3,5* 
which  are  ^^5€d.  by  this  laboratory,  represent 
a reasonable  compremiss . If  a noise  spectrua 
falls  oelow  the  2ioise  nuisance  criteria,  It 
should  not  be  expected  that  reasonable  complaint 
wotild  be  justified  in  an  industrial  area  during 
laytime  operation,  it  wxii  oo  noted  that  the 
residual  spectrum  in  Location  Ko,  1 Is  still 
somewhat  above  the  nuisance  contour  Ojitslde  th.a  > 
ceramic  ciant , It  3 a not  known  what  one  lave  It 
are  inside,  the  plant,  or  how  they  compare  with 
the  plant's  own  Internal  noises, 

i'he  hearing  dama.gc  r sk  criterion 
is  presently  the  subject  of  .such  Investigation 
by  the  American  Standards  v so elution.  The 
tentative  criterion  v^hich  has  been  in  use  by 
this  laboratory  lies  in  t'hs  lower  range  of  the 
various  crlter.la  which  are  being  considered 
for  ,?t8.nfia7ni.lnatioi'i.  It  Is  dear  that  the 
noise  levels  prolriced  by  Pulse- Jet  testing  in 
Location  =1o,  1 are  veil  hdow  the  levels  which 
ere  likely  to  ca’isc  any  hearing  damage  and 
chere3>'re  any  compensation  risk,, 

Location  bo..  2 was  in  a parking  lot 
juAt  outside  a plant  to  the  north- 

wGsl  of  thn  tor-t  3tarid.  fhe  general 

noise  in  thi.s  'i.ocotLca  does  n.ot  C'lffer  .greatly 
r.rcta  that,  for  L'..:cat 3 ori  No*  Ifowevor,  the 


Eiost  prominent  noise  nuisance  in  Location  No»  2 
results  ii’om  large  gravel  trucks  passing  along 
the  nearby  highway,  for  which  Pigl  3,6  ihovs 
Che  resulting  noise  spectra.  The  noise  result^ 
lag  from  testing  a 6,75"  Pulse-Jet  engine  inside 
the  baffles  is  shown  for  comparison.  In  this 
location  the  residual  noise  is  well  below  both 
criteria.  The  effectiveness  of  the  facility 
in  this  location  is  also  shown  by  Fig,  3*6, 

It  should  be  noted  that  this  location  is  the 
nearest  inhabited  one  in  the  general  direction 
of  the  Pulse- Jet  exhaust,  which  is  toward  the 
southwest.  Since  the  structure  la  open,  it 
would  he  expected  that  the  effectiveness  is 
minimuin  in  this  direction. 


Location  No.  3 is  in  a residential 
area  about  1 1/2  miles  to  the  soubhv/est  oi  the 
test  stand.  In  Pig,  3»7  the  lowest  curve  gives 
c.  minimum  general  background  level.  At  a dis- 
tance about  two  blocks  from  the  aierernene, 
bulldoaars  were  at  work  in  an  earth -moving ' project. 
The  noise  level  resulting  from  theiv  activity  is 
shown.  A commercial  airlinor  flying  at  aboitt 
1500*  overhead  also  presents  a typical  noise 
spectrum.  Pulse-Jet  engines  eper iiting  in  the 
noise  control  baffles  could  not  even  be  heard 
at  this  location  and  the  spectrum  dhown  for  a 
6, 75’’  engine  outcide  the  baffler  1.^ 
significantly,  evident  above  the  general  back- 
ground level. 


Noise  Reduction  in  the  Immad i§X^ 
of  the  T^t~^tand  ? 


Before  the  installation  of  the  noise 
control  • baffles . the  testing  of  Pulse- Jet 
engines  was  a, rather  trying  auditory  experience. 
Even  when  using  ear  plugs  or  headphene  cushiorri, 
the  protraction  is  not  adeqv-iate  at  low  fTOqVASncies 
and  a day  of  steady  testing  leaves  one  quite 
exiiaustsd.  Furthermore,  the  proximity  of  the 
test  stand  to  the  plant  at  ManhattciU  Beach  is 
such  that  conversation  was  impossible  in  part 
of  the  plaut  during  t&stlrig  uerici?.,  Thercfcre, 
the  nc-c-d  for  noiac *^co2itrol  ws'4  .strongly  evident' 
w.lthin  the  ^'-fasrlJy  J’  The  new  instwliation  Is 


so  arrang'^d  that  cons  lei.  orable 
for  ail  o Derating  personr.c’*, _ 
cue  man  who  h-andies  the  air-s 
is  atO  e to  seek  rcfu.ge  behind 


relief  Is  fuTuiahed 

y.  c*- p -f;  ^ J 

tar tiny  hose,  who 
a panel  .for  mur.h 


i i 
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I For  ths  moasux'wffisrAt  of  local  perforrif- 

I ance,  points  were  laid  ov>t^  as  shown  In  Flg,3.S{ 

} both  in.  and  outside  the  facility,  in  such  a 

I manner  that  the  results  could  be  compared  with 

I earlier  tests  (Report  No,  163--K-1)  on  an 

i exposed  engine.  Figs*  3,9  through  3.16  show 

I the  degree  of  improveiaent  which  has  been 

I achieved  at  various  locations  in  the  immediate 

I vicinity  of  the  installation.  Fig,  3.10  shows 

1 clearly  that  considerable  reductio),.  is  f\u?nished, 

I even  in  the  direction  of  the  opening  in  the 

\ baffles  thi‘ough  which  the  exhaust  gases  pass. 

I This  is  not  altogether  s\irprising  when  one 

I ■ realized  that  a rather  significant  portion  of 

I the  sound  energy  x’adiated  in  an  approximately 

I spherical  direction  from  the  tailpipe  is  inter- 

I sec ted  by  the  baffles, 

IXt  is  typical  of  open-topped  enclosures 

that  greater  protection  is  furnished  near  the 
enclosure  than  at  s considerable  distance,  I 


CoTsparisen  of  Figs,  3,9  through  3*3.6  with  the 
data  for  more  distant  locations  thoroughly 
indicates  this  fact.  Fig.  3^15  is  of  special 
interest,  since  it  shows  the  effect  of  the  I 

shadow  px'o-lucsu  by  a sound-absorbent  baffle. 
Position  Ko,  S is  just  inside  the  structure, 
i,e,,  it  views  the  engine,  while,  Position  No,  7 
i^  only  a foot  away,  but  is  in  the*,  snadow  of  a 
baffle.  The  reduction  of  high  frequency 'noise 
is  quits  apparent.  Of  course,  Position  No.  9, 
which  is  at  the  same  distance  from  the  engine 
but  coaxpletely  shavded  therefrorji  shows  very 
much  higher  degree  of  attenuation. 

It  is  of  particular  interest  to  point 
out  in  coiuieetlon  with  all  these  spectra  which 
show  a very  useful  amount  of  high  frequency 
noise  reduction,  that  tho  overall  level  is 
relatively  little  affocted.  Indeed,  that  the 
overall  level' ,is  reduced  to  some  extent  l)ears 
witness  that  the  absorption  of  the  panels  is 
effisetivo  at  a lower  freqxiency  than  had  bosn 
expected,  plu,?  the  fact-  that  for  the  parflcular  [ 
engirje  under  teat,  the  fundamental  frequency  I 

of^approxiraatoly  ijO  cps  is  fairly  high,  1 

It  will  bs  found  that  ccr.sid-crably  j 


c: 


^p^Msr^ihSa  m-  msf. 


less  change  in  overall  level  will  be  furnished 
for  larger  engines*  Nevertheless,  the  effective- 
ness  of  this  very  simple  and  inexpensive  noise 
control  facility  is  admirably  evident  without 
the  use  of  instrumentation  and  is  due  to  the 
considerable  reduction  in  high  frequency  noise 
Isvel.,  Particular  attention  is  called  to  Flg« 
3tl6,  which  shows  the  residual  noise  spectra 
inside  and  just  outside  the  control  rooiHj 
together  with  a spectrum  for  the  yard  area  just 
outside  the  plant  about  7?  feet  from  the 
installation.  These  spectra  should  be  compared 
with  the  hearing  damago  risk  criterion.  It  is 
evident  that  the  levels  in  the  Immediate  vicinity 
of  the  installation,  including  the  control  room, 
have  not  been  reduced  quite  to  the  safe  level 
for  continuous  exposure  to  high  level  noise. 
Therefore,  it  is  recommended  that  uhen  opex*ators 
are  expecting  to  be  involved  in  Pulse-Jet.  test- 
ing for  several  days  continuously  they  should  be 
instructed  to  use  aural  protection  devices, 
such  as  the  MSA  Ear  Defender,  or  simply  a pair 
of  headphones.  For  short  operatioxis  of  a few 
hoiiTS,  or  with  several  days  intervening  between 
tests,  it  is  probable  that  the  residual  level:;, 
will  cause  only  temporary  impairiaont  for 
.avorags  e-arOo  -ill  operator?  should  ho  conscious 
of  their  aural  condition  after  testing  and  let 
tl\elr  feelings  be  their  guide.  It  iP  also 
clear  that  in  the  p’>^»nt  are3*=^  tbe  noise 
have  been  reduced  sufficiently  to  remove 
concern  for  aural  damage. 
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A,  Low-cost  noise  control  enclosure  has  been 
constructs^  vbich  sm-rounds  the  Pulse-Jet 
& tatl c tas t a tand ♦ 
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B,  The  enc3,os',ir»^  consists  of  an  arrangesont  of 
spaced  and  sloggered  panels  constructed  of 
3/*+“  clj'wood,  2*'  X 4’*  stoclc  and  Owens-Cornlrxg 
PF-OG-9  Flberglas. 

C,  The  socnd-absorbing  panels  have  prov^ed  to  be 
capable  of  withstanding  the  vibration  resulting 
front  high  sound  pressure  levels  ^ Occasional 
raplaceicont  of  Flberglas  in  on®  section  will 

be  required,  depending  upon  the  frequency  of 
riasl;  shires  with  engine  starting* 

D,  Til®  enclcstire  has  produced  no  perceptible 
3 Iteration  in  engine  per-f or^^ance 

E,  The  rxolse  levels  in  the  adlcirji.ng  shop  area 
and  in  the  neighboririg  eoBUKunity  have  been 
sufficiently  reduced  to  avoid  all  possibility 
of  hazard  due  to  hearing  irapalrjDeut,  With  one 
possible  exception,  the  residual  noise  is  below 
the  level  which  should  permit  reasonable 
cosplali;t» 

F,  In  the  iasmediate  vicinity  of  the  test  stand* 
r<^isss  hove  been  reduced  sufficiently  to  provide 
great  relief  for  operators,  Except  d'u-ing 
periods  of  continuous  testiiig,  aural  protection 
devices  will  not  be  2;andatory  except  fox-  the 
raechanlc  who  must  work  isiaedi&tely  bahind  the 
engine  to  assist  with  starting. 
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